: Facial expressions of anger, sadness, happiness, surprise, embarrassment, and pride (from left to right side) as synthesized in three-dimensional form by FACSGen 2.0 animation software.
Motivation
Emotions and the way they are expressed on the face play a crucial role in the successful animation of human behaviour. Only if the emotion is believable and realistic does the animated character become human-like and 'connect' to the perceiver. Over the last years, several attempts have focused on the implementation of a set of basic emotions in the form of composite expressions (e.g., Poser, FaceGen). Although such inbuilt emotions are based on life-like behaviour, their believability and accurate simulation in emotional terms is not always clear.
Our Approach
We developed FACSGen 2.0, a new animation software that allows the creation of emotional expressions on the basis of the Facial Action Coding System [Ekman et al. 2002] . Using FACS, we can objectively define all expressions in the form of action units (AUs) and simulate them in an anatomically correct way. FACSGen permits total control over the AUs, which can be animated at all levels of intensity and applied alone or in combination to generate an infinite number of expressions. Moreover, the duration and form of AUs can be systematically varied in terms of onset, apex, and offset phase, allowing investigation of the dynamic nature of emotions (see [Krumhuber and Kappas 2005] ). This approach gives the animator maximum control and flexibility over the perceived appearance and related emotional meaning of the facial expression.
Validation Studies
In this work, we present two psychological studies that aimed to test the validity of the software with respect to the AU appearance defined in the FACS manual and the emotional meaning conveyed by FACSGen expressions. * e-mail: Eva.Krumhuber@unige.ch † web: http://www.affective-sciences.org/facsgen-2010
In Study 1, four FACS-certified coders who are experts in analyzing facial movements scored 35 AUs synthesized by FACSGen 2.0 for AU presence/absence, appearance quality, intensity, and asymmetry. Furthermore, to validate the single AUs in combination, 54 AU combinations were coded. Results showed good to excellent classification levels for the single AUs and AU combinations. For all AUs, quality of AU appearance was scored highly (M = 6.37, 7-point scale) and classification results of AU intensity showed sufficient accuracy.
In Study 2, lay participants (N = 39) performed a recognition task on emotional expressions created with FACSGen 2.0 software (see Figure 1 for a sub-set of expressions) and rated the similarity of expressions displayed by human and FACSGen faces. All expressions were modelled upon naturalistic behaviour which had been FACS coded in real humans. Results showed that recognition rates for nine emotions were sufficiently high (M = 72%) and equivalent to those previously reported with human facial expressions. Furthermore, comparisons of human and FACSGen expressions demonstrated a high degree of perceived resemblances.
Conclusion
With the use of FACSGen 2.0, facial expressions can be systematically deformed and controlled on the basis of objective descriptors. In two studies, we showed that the synthesized expressions are anatomically valid exemplars that correspond to the FACS specifications and sufficiently reproduce the signal value of human expressions. These findings demonstrate the validity of the software in producing reliable and emotionally valid expressions and suggest its application in numerous areas, including psychophysical and perceptual research.
